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Thermoelectrical materials (thermoelectrics), which can transform temperature
gradient
directly to electricity and vice versa, could play an important role in global
sustainable
energy solution. Compared to conventional conversion processed between
thermal energy
and electricity employing a working fluid, thermoelectric conversion is attractive
since
(1) it needs no moving parts and requires little maintenance and (2) it does not
produce
any greenhouse gases and is environmentally benign. Despite these advantages,
thermoelectric
devices are not in common use due to their low efficiency, and nowadays they
are only used in niche markets where reliability and simplicity are more important
than
performance. However, the ability of creating nanostructured thermoelectrics has
led to
remarkable progress in the enhancement of the thermoelectric figure of merit,
making it
promising to use thermoelectircs in new settings in the near future.
In this report, we will give some theoretical as well as computational studies on
thermoelectric
transport.
In chapter 1, we review some basic concepts of electrical, thermal and
thermoelectric














simple kinetic theory, Boltzmann transport theory, Landauer transport theory and
molecular dynamics simulation.
In chapter 2, we study the fundamental problem of the optimization of
thermoelectric
figure of merit by examining carefully shape effects of the transport distribution
function
on thermoelectric transport coefficients.
In chapter 3, we study thermoelectric transport properties of a novel 3D
superlattice
structure based on thin films of the topological insulator Bi2Te3. This
nanostructured
system exhibits many good features such as quantum confinement, high electron
mobility,
low lattice thermal conductivity and a large violation of the Weidemann-Franz law,
all of
3
which are favorable for obtaining superior thermoelectric performance.
Chapters 4-6 introduce the developing of a molecular dynamics program and its
validation
and preliminary applications. In chapter 4, the overall sturcture of program is
described, with the aid of some C++ sample codes. In chapter 5, CUDA
acceleration of
this program is discussed in some detail. In chapter 6, we first validate the
program by
computing lattice thermal conductivity of solid argon at different temperatures and
then













Chapter 8 summarizes this report and points out some possible future works.
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